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Abstract: Education is considered an essential tool for achieving sustainability-related goals. In this 
regard, education for sustainable development (ESD) and climate change education (CCE) have 
become prominent concepts. The central characteristics of both concepts influence the non-
hierarchical network governance structure that has formed around them: (1) their international 
origin, (2) the conceptual ambiguity that surrounds them, and (3) the limited implementing power 
of international organizations who developed these concepts. Hence, networks are essential to ESD 
and CCE, however, only few studies have used social network analysis (SNA) techniques to analyze 
their governance structure. The aim of this article is to illustrate how to use SNA, based on Twitter 
data, as an approach to examine the governance structure that has developed around ESD and CCE. 
We conduct an illustrative SNA, using Twitter data during three global climate change summits 
(2015-2017) to examine CCE-specific debates and identify actors exerting the most influence. We 
find that international organizations and international treaty secretariats are most influential across 
all years of the analysis and, moreover, are represented most often. These findings show that using 
SNA based on Twitter data offers promising possibilities to better understand the governance 
structure and processes around both concepts. 
Keywords: Education for sustainable development (ESD); climate change education (CCE); social 
network analysis (SNA); Twitter; network governance; international organizations; United Nations 
Educational, Scientific, and Cultural Organization (UNESCO); United Nations Framework 
Convention on Climate Change (UNFCCC) 
 
1. Introduction 
Since the beginning of the debate on sustainable development with the so-called “Brundtland 
Report” in 1987 [1], education has been considered a crucial tool for achieving sustainability-related 
goals. Different sustainability-related concepts of education were developed over the past years. 
Among the most popular examples are the concepts of education for sustainable development (ESD) 
and climate change education (CCE), which have been implemented by several international 
organizations (IOs) and by national governments around the world. However, debates surrounding 
the implementation of both concepts are heavily confronted with conceptual disputes and ideological 
quarrels [2]. One reason for these debates could be the fact that both ESD and CCE evolved from 
conceptions of environment-related education, which had a narrow focus on environmental issues, 
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to more encompassing concepts aimed at empowering people to become active citizens and enabling 
them to approach issues of sustainability [3]. ESD and CCE are not only oriented towards the 
environmental dimension, but also consider the economic and social dimensions of sustainable 
development. ESD, on the one hand, can be understood as the “integration of sustainability into all 
aspects of teaching and learning, in both formal and non-formal education as well as in school 
curricula” [4] (p. 308). CCE, on the other hand, can be defined as an education that helps develop an 
adequate response to climate change, increase public awareness and resilience, and empowers people 
to change their attitudes and behaviors in order to adopt a more sustainable lifestyle [5]. Whereas 
ESD is a broad concept that covers a wide range of policy areas, CCE focuses more specifically on the 
challenge of climate change. CCE, therefore, can be conceptualized as a subfield of ESD. 
The implementation of ESD and CCE at the global, national, and regional levels requires a set of 
actors who are interlinked through social relations in a respective governance structure. Three aspects 
influence this governance structure: First, both concepts have been developed at the international 
level, mainly by international organizations or within international treaty systems, such as the United 
Nations Educational, Scientific, and Cultural Organization (UNESCO) and the United Nations 
Framework Convention on Climate Change (UNFCCC). Thus, a discrepancy persists between the 
actors and organizations who developed these concepts and those actors at the national and 
subnational levels who are primarily responsible for their implementation [2]. Second, the concepts 
of ESD and CCE are still being debated, turning their content rather vague. On the one hand, this 
leaves implementing actors with a lot of room to use these concepts in accordance with local 
circumstances. On the other hand, this dilutes the concepts even further. Third, and as a consequence 
of the former two aspects, the implementation of ESD and, more recently, CCE is progressing only 
slowly, leaving their potential to promote actual change far from being exhausted. These aspects 
influence the governance structure around ESD and CCE, which can best be described as a non-
hierarchical network in which state and non-state actors together define, promote, and implement 
ESD as well as CCE [2]. 
Despite the central role that social networks play for the success of concepts such as ESD, 
techniques of social network analysis (SNA) have rarely been used to better understand the 
governance structures and processes that surround them. In this article, we argue that SNA provides 
scholars with an adequate set of tools, methods, and concepts to study network-like governance 
structures [4]. Analytically, SNA focuses on the interactions between actors and the relational 
structures within a network that result from these interactions. This allows to obtain information that 
would not have been observable otherwise. For example, SNA enables researchers to identify the 
most influential actors within a governance network in an indirect manner, that is, without the need 
to directly observe this influence. This represents a departure from previous studies, which have been 
predominantly based on direct observations or on the (self-)perceptions of actors. SNA thus reduces 
the risk of systematically excluding potentially influential actors, or of overstating the role and 
influence of specific actors such as, for example, educational organizations and governmental 
organizations [6,7]. Hence, in this article, we will illustrate how SNA can be used to study the 
governance structure that has evolved around the concept of ESD and identify the most influential 
actors in this process. Our exemplary SNA will be based on data from the online social network (OSN) 
Twitter. This data source has not been used a lot in the context of ESD, although it can offer important 
insights into the structure and workings of governance networks. The platform provides political 
(state and non-state) actors with the opportunity to communicate directly with each other, but also 
with individual citizens. Interactions between these actors located on different levels become directly 
observable.  
In order to show how SNA, based on Twitter data, can be used to examine the governance 
structure and ESD-related information exchange, the article is divided into five sections. Section two 
presents the concept of ESD and explains its specificity. Subsequently, we make the case for using a 
network approach for studying ESD and introduce different possibilities to conduct SNA. Section 
four focuses on Twitter data as a source for SNA, its advantages, and the possibilities to obtain this 
kind of data. We then conduct an illustrative SNA on the topic of CCE as a subfield of ESD with 
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Twitter data obtained during the global climate negations over three years (2015–2017) and debate 
the limitations of Twitter data. Finally, we discuss our results and show future research directions.  
2. The Concept of Education for Sustainable Development  
The concept of ESD dates back to the publication of the World Commission on Environment and 
Development’s report “Our Common Future”, better known as the Brundtland Report, in 1987 [1]. It 
was strengthened in Agenda 21, the United Nations Programme of Action adopted at the 1992 United 
Nations Conference on Environment and Development (UNCED) in Rio de Janeiro [8]. The term ESD 
links the idea of sustainable development to the much older concept of environmental education [9]. 
With the proclamation of the decade of 2005–2014 as the ‘United Nations Decade of Education for 
Sustainable Development’ [10], (see also [2,11]), the concept of ESD has evolved to become one of the 
most influential normative ideas at the intersection of environmental and education policies. Beyond 
the decade of ESD, the concept is currently promoted through the Global Action Programme (GAP) 
on Education for Sustainable Development [12]. Thus, it continues to have a central role in the global 
education and sustainability agenda in the post-2015 era. Numerous attempts are being made at all 
levels of government to promote and implement this concept at the national and subnational levels 
[2]. 
Three basic characteristics of ESD are relevant in the analysis of its governance structure. First, 
ESD is a concept that has been developed at the international rather than national level and has been 
recognized and actively promoted by a number of important international organizations [2]. In fact, 
ESD is genuinely international. Similar to the concept of sustainable development [11], ESD’s origins 
are external to any domestic programme or political discourse. Both sustainable development and 
ESD were developed and defined by relatively small numbers of actors within the institutional 
context of the United Nations (UN). To a certain extent, Lafferty’s characterization of sustainable 
development as being an “outside-in obligation” that has evolved “largely outside of the realm of 
normal domestic politics” [13] (pp. 17–18) can also be applied to ESD. 
Second, ESD is a relatively vague concept. Many competing definitions have been proposed (see 
for example [14]). Some scholars go so far as to challenge even the basic political expectations and 
ethical assumptions underlying ESD, addressing the term as an empty signifier of the neoliberal logic 
hidden behind education for so-called ethical behavior (see, e.g., [4,15–19]). The contested nature of 
the concept manifests itself also in a fragmentation of the terminology with different authors 
suggesting alternative wordings such as education for sustainability (EfS) or environmental 
education for sustainability [20–22]. This vagueness of the ESD concept allows UN member states to 
fill it with their own domestic policy priorities, thereby further increasing the nebulousness of its 
regulatory content. For example, while in Western countries, ESD often refers to sustainable energy 
consumption or renewable energies, developing countries more often focus on securing basic living 
conditions [4]. As a result, and despite being treated as a primary goal of environmental and 
educational policymaking, ESD is very inconclusive with respect to specific policy prescriptions. 
Third, and as a consequence of the first two characteristics, ESD constitutes a relatively “soft” 
mandate for change. Without clearly defined regulatory prescriptions and being promoted mainly 
by international organizations without any “hard” sanctioning power, implementation is largely left 
to the discretion of UN member states. As a consequence, and despite the strong engagement of 
UNESCO and other intergovernmental organizations, ESD still struggles to find its place within 
mandatory school curricula in many countries [23]. These three characteristics also apply to the 
subfield of CCE which constitutes the empirical case presented in section 4. The “special nature” of 
ESD and CCE has implications for the global governance structures that have evolved around them. 
Instead of a hierarchical structure of top-down policymaking, the global ESD and CCE policy 
domains are characterized by a non-hierarchical network structure. In these networks, a wide range 
of state and non-state actors, including international organizations, national and sub-national 
governments, schools, and other educational institutions, as well as professional associations and 
education-related NGOs cooperate in their efforts to define, concretize, promote, and implement the 
two concepts [2]. Educational actors are actively searching to build coalitions in order to find ways 
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of operationalizing ESD and CCE by developing common priorities, pedagogical principles, and 
evaluation procedures. To give two examples, schools have formed alliances with environmental 
education centers in order to develop educational programmes. Environmental NGOs are advancing 
partnerships in early childhood care by offering supplies or solutions for enhancing ESD initiatives 
in kindergartens [4].  
3. Using a Network Perspective to Study ESD 
Due to the above characterized network structure, applying a SNA perspective in the analysis 
of the ESD governance structure can offer important insights. During the last decade, SNA has 
become increasingly prominent in the social sciences [24]. Rather than a single method, SNA 
constitutes a collection of different quantitative and qualitative approaches which have been 
developed over many years. There are, however, some general assumptions which unite different 
network approaches and may be regarded as the basic principles or theoretical fundamentals of the 
network perspective. For instance, SNA is based on the conception that a network consists of nodes 
(e.g., individuals or countries) and ties (e.g., interactions or social relations). Whereas most traditional 
methods of social and political analysis emphasize individuals (or nodes) and their attributes, such 
as, age, resources, and official role, the primary focus of SNA is on the ties between the nodes and 
the relational structures in which the nodes are embedded. Hence, it is assumed that the structure of 
a network influences its performance as a whole, but also the characteristics and capabilities of 
individual nodes [25]. This stronger focus on the relationships in which actors are embedded 
constitutes a critical change in how social science attributes influence and power to actors. 
Semi-structured interviews and participant observations are traditional methods of data 
collection used to address questions of influence, however, they might lead to biased results. Being 
based on statements of the interviewees themselves, or on the direct observation of actors and their 
strategies, their accuracy depends crucially on the willingness of actors to publicly disclose their 
preferences. If actors are unwilling to disclose their true preferences and strategies, as often occurs 
with actors in the education sector [4], empirical results will be flawed. Hence, empirical findings 
based only on interviewees’ statements about the possible influence of specific actors within an issue 
area or on direct observations of actors’ strategic behavior might be under- or overstated. Using SNA 
techniques in combination with new data sources, such as Twitter data, can overcome these issues. 
The most common indicators used to observe influence through SNA are descriptive centrality 
measures. Degree centrality is the simplest measure, which, in an undirected network, represents the 
number of ties or social relations of any given node. This measure indicates how well an actor is 
connected. In directed networks, degree centrality is separated into in-degree centrality (the number 
of ties directed towards an actor) and out-degree centrality (ties directed from an actor). The former 
can be interpreted as the relative popularity of a node while the latter indicates a node’s potential to 
act as a multiplier within a network. Other important centrality measures include betweenness and 
eigenvector centrality. Betweenness centrality is a measure that indicates that a node occupies a 
broker position. It is measured by how often an actor is situated on the shortest path between two 
other nodes [26]. In a network of information flows, for example, a high value of betweenness 
centrality indicates the possibility to partially control the content of the information that is 
communicated in the network. Eigenvector centrality measures how well an actor is connected to 
other central actors. However, a high eigenvector centrality score does not necessarily imply many 
connections. Instead of the pure number of relations, it is the quality of the connections that is decisive 
[27,28]. Depending on how influence is conceptualized, different indicators can be considered. For 
example, if an actor is mentioned a lot in Twitter networks around ESD, and thus has a high in-degree 
centrality value, this actor seems to be very popular in this network. This can be an important decision 
maker who other actors try to influence by putting them under public pressure through mentioning 
them in their tweets.  
In addition to descriptive measures, inferential SNA techniques have been, and are still being 
developed to enable hypothesis testing with network data. Network specific methods are needed 
because the central assumption in regression analysis—that observations are statistically 
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independent and identically distributed (i.i.d.)—are violated with network data. Dependencies of 
networks need to be included in the models because they might be the main interest of analysis [29]. 
A family of statistical models that is used to make inferences from network data are exponential 
random graph models (ERGMs). In ERGMs, the observed network is treated as an outcome and the 
aim of the analysis is to identify the data-generating process behind a given network [30]. This means 
that the covariates (exogenous effects) and the network structures (endogenous effects) are modeled 
explicitly in an ERGM, and it is tested, whether the observed patterns occur more often than they 
would in any random network [31]. It is also possible to analyze panel data with inferential SNA 
techniques, for example with stochastic actor-based models (SAOMs). These models are one of the 
main options to answer questions about changes in network structures and tie formation over time. 
The SAOM assumes that tie formations are actor driven, which makes them especially useful to test 
hypotheses about how actors change their outgoing ties [32]. Analyzing panel data is also possible 
with an extension of ERGMs, the temporal ERGM [33,34] (for a discussion about the differences 
between the two approaches, see [35]).  
Discourse network analysis (DNA) offers the possibility to analyze network data in a more 
qualitative way. This approach is a combination of network analysis with categorical content analysis 
[34]. It overcomes the issue of analyzing either the actor or the frame level of a political discourse and 
instead integrates both levels into one analysis [36]. The results of the DNA can be visualized through 
two-mode networks, which include two types of nodes—actors and concepts—within one network. 
Other transformations can generate, for example, actor congruence networks, concept congruence 
networks, or conflict networks. DNA allows to trace framing processes within a debate, and to 
identify the advocacy or discourse coalitions underlying different frames. In the context of ESD, DNA 
can be used to identify coalitions which are promoting different concepts and framings, and the most 
important actors within this process.  
Hence, a wide range of SNA measures and techniques have been developed and are being 
deployed. Whereas descriptive quantitative SNA measures have reached maturity, inferential SNA 
techniques and qualitative SNA approaches present dynamic fields with many ongoing 
developments.  
4. Twitter Data as a Source for SNA 
Various data sources can be used to conduct SNA. For DNA, newspaper articles are often a 
useful source for identifying concepts and the actors that promote or oppose them. When using 
quantitative approaches of SNA, survey data are commonly used. More recently, digital data from 
OSNs have become popular among social science researchers. Due to the rapid increase of social 
media users, data from platforms such as Twitter, Facebook, and Instagram are abundant and offer 
new insights into social interaction and communication. Three billion people are estimated to use 
OSN by 2021—an increase of 20% from 2.4 billion in 2017 [37]. For network researchers, these data 
sources are particularly interesting because of the relational nature of the data. OSN data directly 
provide information about an actor’s friends, followers, and interactions, making it easier to build 
datasets for network analysis. 
4.1. The Case for Twitter Data 
Twitter is an exciting data source for social science researchers for various reasons. The company 
was founded 13 years ago in 2006 and has since evolved to be one of the biggest OSNs. It provides 
its users with a platform to communicate with each other through short messages of up to 280 
characters called tweets. Data produced through tweets is plentiful. Every day, around 500 million 
tweets are sent [38] by users around the world. Out of a total of 330 million Twitter users, 262 million 
are located outside of the United States [39]. Another important aspect for researchers is that 
interactions take place mostly publicly and therefore are more accessible than data from other OSN 
[40]. Moreover, the observed interactions occur naturally and in real-time. Thus, it is possible to trace 
debates over time and to identify the actors framing them. This is distinct from other sources, such 
as interviews, where interviewees are aware that they are being studied, and thus might adjust their 
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statements or be unable to recall their earlier preferences or actions correctly. For network 
researchers, another important advantage of Twitter data is that it provides complete networks. This 
is often not the case with survey data where non-respondents create missing data, which is 
problematic for using centrality measures [41,42], and for making inferences [43,44]. 
The content of tweets also presents an important source of information. Twitter has increasingly 
become a platform that many political actors use to communicate with each other and with the 
general public (e.g., [45–47]). In 2018, 187 governments and heads of state were represented on 
Twitter [48]. During political events, such as UN negotiations or elections, Twitter has become a 
crucial source for live updates, through so-called live tweeting. This offers a large amount of data on 
important and otherwise difficult to access persons.  
4.2. Obtaining Twitter Data 
Twitter data can be obtained either through scraping or purchasing. The first possibility, 
scraping Twitter data yourself, comes with some restrictions. One of them is that historical data can 
only be obtained for the last seven days for free. Moreover, it is unclear whether the data set will be 
complete and what kind of algorithm is used to select the obtained tweets [49–51]. Hence, for a 
complete data set, or for historical data over a longer period of time, buying Twitter data is the better 
option. This can be done either through Twitter directly or through a third-party vendor. The latter 
option has become more and more restricted, leaving only a few vendors that primarily focus on 
selling data to businesses instead of researchers [52].  
An important step before purchasing or scraping data is to set up search queries according to 
which data should be filtered. These search queries can contain hashtags, words and word 
combinations. On the topic of CCE, hashtags that are frequently used are, e.g., #CCE, #education, and 
#SDG4. Word combinations are important, for example, when data related to a specific event is 
needed. Most of the big events have a specific hashtag, e.g., #COP23 for the 23rd global climate 
conference, the so-called COP (Conference of the Parties). If data related to both this conference and 
the topic of CCE is to be collected, a combination of the hashtags #COP23 and #education or #COP23 
and #CCE might yield useful results. 
For some research questions, it can also be useful to gather data from specific accounts only. On 
a global level, the most important actor on the topic of ESD is UNESCO. This UN organization also 
maintains various Twitter accounts in different languages. On its main account only, it has over 3 
million followers, as of June 2019 and has posted almost 23 thousand tweets [53]. The most important 
proponent of CCE is the UNFCCC secretariat [54]. For national debates and on the ground 
implementation of ESD and CCE, local accounts of state and non-state actors are important data 
sources as well. 
4.3. From Data to Networks 
In this section, we illustrate how to conduct SNA with Twitter data on the topic of CCE. We 
chose the topic of CCE as a case study in order to exemplify the usefulness of SNA as a tool for 
analyzing the governance structure related to ESD more generally. Networks based on Twitter data 
can be constructed in three main ways, depending on the type of interaction [55,56]. The simplest 
form of interaction is to mention another Twitter user within a tweet with an @-sign (see Figure 1). 
This tweet is then shared with the followers of the sender and will be visible on its profile page as 
well. In the example in Figure 1 the sender is @UNESCOEU and the target is the @UNESCO account. 
Another possibility is to retweet another user’s tweet, which means that the message is shared with 
all followers, either in its original form or with an additional comment of the person retweeting it. 
The third option is to reply to a tweet. In this case, the user to whom the reply is directed will be 
mentioned below the original post with an @-sign, and the reply is also shared with the sender’s 
followers. These three different forms of interaction represent the ties in a network. Twitter users are 
visualized as nodes.  
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Figure 1. An exemplary tweet from UNESCO EU (the United Nations Educational, Scientific and 
Cultural Organization’s Representation to the European Institutions). Source: [57] 
Depending on the research question, the direction of these interactions can be modelled 
differently. If the research goal is to analyze information flows between actors involved in the ESD 
policy domain, i.e., to disclose who spreads information on Twitter on the topic of CCE, the direction 
in a retweet would be from the user of the original tweet to the one who retweeted. However, if the 
goal is to analyze who confers visibility to whom on Twitter, the direction would be modelled the 
other way around—from the user who retweeted the one who posted the tweet originally. In our 
illustrative SNA, we will conceptualize the interaction direction according to the second option 
presented. Our aim is to identify the actors who are most influential within CCE-specific debates, 
applying a concept of influence in which actors who receive a lot of attention through any kind of 
interaction (mentions, retweets, or replies) exert influence over the debate.  
As the basis for our analysis, we chose to use data collected during the annual global climate 
summits. Taking place at the end of every year, these negotiations last for around two weeks each. 
Education is a crucial part of the COPs. From the beginning of the UNFCCC regime in 1992, when 
the convention was first adopted [58], to the latest commitment of the parties with the Paris 
Agreement of 2015 [59], education and its role with respect to addressing climate change was 
included. During recent years, the topic of education has experienced increasing attention. Since 
COP21 there has been an education day every year, and actions around education are referred to as 
“Action for Climate Empowerment” (ACE), instead of “Actions under Article 6 of the Convention” 
[54].  
In this analysis, we examine Twitter data collected during these negotiations over the three-year 
period from 2015 to 2017 (or from COP21 to COP23). We obtained our data from a former third-party 
vendor called Texifter. As mentioned earlier, many third-party vendors are not selling Twitter data 
anymore which is also the case for Texifter [60]. In our first search query that we created to 
communicate our request to Texifter, we used the number of COPs as the main indicator, as well as 
words and word combinations that our research focuses on. Education was one of these topics. In a 
second step, we needed to reduce the extensive amount of data we obtained to interactions in order 
to be able to create networks. Hence, tweets that did not contain interactions of any kind were 
excluded from our data set. We kept all tweets that included interactions of either type: mention, 
retweet, or reply. The remaining data were filtered according to the topic of education, our main 
research interest for this study. Choosing the global climate summits as a time frame for our analysis, 
we assume that all education-related tweets are CCE-specific. To receive all education-related 
interactions during the three COPs, we used a search query including the following words and 
hashtags:  
education OR educators OR EduDay OR education day OR ClimateChangeEducation OR 
climateeducation OR climate education OR ESD OR education for sustainable development 
OR #SDG4 OR #ACEnow OR #GAPesd OR #ACE 
The created networks vary significantly in size. COP21 was the most important conference of 
the three, because the Paris Agreement was adopted in that year and therefore, in general, more 
tweets were sent during that summit. While during COP21, we received more than four million 
tweets from Texifter, for COP22 and COP23 we obtained around one million tweets each. This 
difference in the overall activity during these summits is also reflected in the sizes of the CCE-specific 
networks. COP21 has by far the biggest network with 9,475 ties and 5,313 nodes. The COP22 network 
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is almost half as big with 5,728 ties and 3,268 nodes, and the one for COP23 is the smallest CEE-
specific network with 3,895 ties and 2,218 nodes. 
After creating the networks with the software Gephi, we applied the measure of PageRank to 
identify the most influential actors. PageRank is a measure similar to eigenvector centrality (see 
Section 3). Whereas eigenvector centrality usually applies degree centrality to measure influence, 
PageRank uses in-degree centrality and also accounts for the weights of the ties [61]. We found this 
measure to be the most appropriate for our conceptualization of influence. Table 1 provides an 
overview of the 15 actors with the highest PageRank values in each network and Figure 2 depicts the 
networks. 
Table 1. Actors with the highest PageRank values. 
 COP21 COP22 COP23 
1. UNFCCC UN UNFCCC 
2. UNESCO UNFCCC PEspinosaC 
3. UNICEF UNESCO UN 
4. najatvb BofA_News Connect4Climate 
5. COP21en GBLFoundation COP23 
6. haliscolb GEMReport BMZ_Bund 
7. IrinaBokova HuffPostGreen UNESCO 
8. RoyalSegolene COP22 CLIMATEwBORDERS 
9. UNICEFtalk ManosAntoninis uncclearn 
10. COP21 IrinaBokova larutadelclima 
11. UNITAR Education2030UN SeruiratuCOP23 
12. UNEP PEspinosaC COP22 
13. UNwomen UNEP RisingSign 
14. earthguardianz Abibimman unescoNOW 
15. unicefniger ClimateCoLab OECD 
Across all three years, accounts of IOs, such as UNESCO, UNICEF (United Nations International 
Children’s Emergency Fund) and of the international treaty secretariat of the UNFCCC are the ones 
with the highest PageRank values. Individuals working for these organizations, such as Patricia 
Espinosa (@PEspinosaC), who has been the Executive Secretary of the UNFCCC since 2016, or Irina 
Bokowa (@IrinaBokova), who was Director-General of UNESCO until 2017, are also among the most 
influential actors. 
Apart from the fact that these actors received the highest PageRank scores, international 
organizations, moreover, are represented the most in each year. During COP21, ten Twitter accounts 
belonged to IOs or their representatives: @UNFCCC, @UNESCO, @UNICEF, @IrinaBokova, 
@UNICEFtalk, @UNITAR (United Nations Institute for Training and Research), @UNEP (United 
Nations Environment Programme), @UNwomen (UN agency working for gender equality & 
women’s empowerment), and @unicefniger (UNICEF in Niger). The account of @haliscolb belongs to 
one of UNICEF’s Youth Ambassadors during COP21 and was also counted as part of the IO group. 
At COP22, the overall structure looks very similar. Nine out of the fifteen most influential 
Twitter accounts belong to IOs: @UN, @UNFCCC, @UNESCO, @GEMReport (UNESCO Global 
Education Monitoring Report), @ManosAntoninis (Director of the Global Education Monitoring 
Report), @IrinaBokova, @Education2030UN (Twitter account for Sustainable Development Goal 4 
“Quality Education”), @PEspinosaC, and @UNEP. During COP23, seven international organizations, 
their representatives or their initiatives, are among the most influential accounts: @UNFCCC, 
@PEspinosaC, @UN, @UNESCO, @uncclearn (UN Climate Change Learning Partnership), 
@unescoNOW, and @OECD (Organization for Economic Cooperation and Development). Of those 
IOs represented, UNESCO and UNFCCC are the most influential across all years. Interestingly, some 
IOs only score high PageRank values in one year, such as @UNICEF at COP21 or @OECD at COP23. 
This might lead to the suggestion that they played a more important role at that time, for example 
through organizing events or launching publications on the topic of CCE. 
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Other highly influential actors are the hosts of the annual summits, such as the French (@COP21), 
Moroccan (@COP22), and Fijian presidencies (@COP23). These COP accounts are officially managed 
by the respective country that holds the presidency of that year but receive support from the 
UNFCCC secretariat. We expect them to be influential due to the nature of their role, and thus their 
influence is unlikely to be limited to CEE-specific debates. Moreover, national ministries of the host 
countries also hold central positions within CCE debates during the COPs on Twitter. The French 
Minister for Education, Najat Vallaud-Belkacem (@najatvb) and the Minister for Environment, 
Ségolène Royal (@RoyalSegolene) were both influential actors with relatively high PageRank values 
during COP21. Interestingly, during COP23—when the Republic of Fiji held the presidency, but for 
logistical reasons, the summit was hosted in Germany—instead of the education or the environment 
ministry, the German Ministry of Economic Cooperation and Development (@BMZ_Bund) was the 
most influential ministry within CEE-specific debates. 
Various civil society organizations (CSO) also occupy central positions within the networks. 
During COP21, Earth Guardians (@earthguardianz) was the only CSO ranked as one of the top 15 
influential actors. During COP22, three CSO made the top 15 list: The Global Bright Light Foundation 
(@GBLFoundation), the Abibimman Foundation (@Abibimman), and the ClimateCoLab 
(@ClimateCoLab). In 2017, during COP23, Climate Without Borders (@CLIMATEwBORDERS) and 
La Ruta del Clima (@larutadelclima) were the most influential CSOs. Most of these organizations 
focus on topics directly associated with CCE, such as youth, education, and climate change 
(@earthguardianz, @larutadelclim, @Abibimman, @CLIMATEwBORDERS, @ClimateCoLab). The 
Global Bright Light Foundation is the only CSO that is working on the topic of energy. 
Hence, our SNA results based on PageRank values show that IOs are in fact the ones who exert 
the most influence over CEE debates during global climate summits, and thus, form an essential part 
of the governance structure. Using the measure of PageRank for a descriptive SNA is one possibility 
to identify influential actors within Twitter networks. Depending on the research interest, however, 
other measures could be more appropriate. 
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Figure 2. CCE-specific network during COP21-23 on Twitter. (a) COP21 network (b) COP22 network (c) COP23 network. The networks were created with Gephi 
using the OpenOrd layout. The color and the node size represent the PageRank values. To keep the networks legible, single nodes on the margins were 
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4.4. Limitations of Twitter Data  
Twitter data as a source for SNA have many advantages, such as accessibility and the 
observation of real-time and natural interactions. However, as with other data sources, there are some 
possible drawbacks. The most obvious caveat is that not all actors relevant for a research question 
have Twitter accounts. Although Twitter has become an important tool for many people and 
organizations to interact with each other or state opinions and preferences, not everyone uses the 
OSN. In the case of CCE and ESD, this might be especially challenging, when the research interest is 
based on the implementation of the two concepts at a local level. Actors that are primarily responsible 
for the implementation on the ground, such as local governments and schools, might not be 
represented, and thus crucial actors would be left out of the analysis.  
Another possible bias of Twitter data comes with its public nature. For many researchers, this is 
the appeal of Twitter data. However, the connections maintained on Twitter do not necessarily 
represent social relations that occur beyond the platform. Similarly, information shared on Twitter 
might differ significantly from the information shared privately. Thus, Twitter data is an additional 
source of information that does not necessarily mirror interactions that occur in a private 
environment.  
Moreover, the information that Twitter provides is fixed. It is limited by the data offered through 
the tweet content of 280 characters and Twitter’s metadata. Although metadata has been found to be 
quite powerful (e.g., [62]), it is predetermined by the platform provider, not the researcher. This is 
different for survey and interview data, where researchers can pose exactly the questions they need 
to gather information for their research goal.  
For longitudinal analyses, Twitter’s fast-paced nature poses an additional challenge. Accounts 
on Twitter get deleted, and users become inactive or change their names. A central issue for 
longitudinal SNA are accounts that only exist in certain years (see Section 4.1). Reducing the data set 
to only those actors that are active during all years of the analysis is one possibility to deal with this 
issue. Another option can be to impute data that is missing. The issue of varying usernames can be 
solved by using IDs of the accounts instead of usernames.  
Twitter data is a promising source for social science researchers when applied appropriately. 
Instead of providing an alternative to traditional data sources, Twitter data should be considered as 
a useful addition. In combination with other data sources, it provides a more comprehensive analysis 
of many research questions. 
5. Discussion and Conclusion 
Networks of state and non-state actors have been identified as the dominant structures in the 
governance of ESD and CCE. This structure can be attributed to the three basic characteristics of the 
ESD and CCE concepts laid out in Section 2: the international origin of both concepts, their conceptual 
ambiguity, and the limited sanctioning power of the international organizations that promote them. 
Against this background, we argued that SNA offers adequate concepts and techniques to examine 
the governance structures around ESD and CCE in more detail. In the study of governance structures, 
the relational focus of SNA provides us with important possibilities to attribute influence or power 
in an indirect way. This is different from traditional methods that base their results on statements of 
actors themselves or on the direct observation of these actors’ behavior. Moreover, we argued that 
Twitter data present an interesting basis upon which to examine governance structures, which has 
not yet been exhausted. 
To illustrate our argument, in this article, we conducted an SNA based on Twitter data on the 
topic of ESD. Analyzing Twitter data during climate change summits over three years (2015–2017), 
we showed how SNA measures can be used to identify influential actors in debates around CCE, 
which we conceptualize as a subfield of ESD. To measure influence within CCE-specific networks on 
Twitter, we applied the PageRank algorithm. Similar to the eigenvector centrality measure, it assesses 
how well an actor is connected to other well-connected actors in directed networks. Our results show 
that international organizations, such as UNESCO and UNICEF, as well as the UNFCCC secretariat, 
are the actors with the highest PageRank values across all three years of analysis. Moreover, 
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international organizations are also the ones that appear most often among the top 15 actors (see 
Table 1). This means that international organizations are the most central actors within CEE specific 
debates and therefore have the potential to exert significant influence within these governance 
networks.  
These findings are in line with our initial observation of the international origin of the concepts 
of ESD and CCE. However, they go further by suggesting that IOs were not only influential in 
developing these concepts, but are also among the most central actors in the subsequent process of 
interpretation, further development, and implementation of ESD and CCE. Our finding that IOs were 
the most frequently mentioned group of actors within the issue-specific debates that occurred around 
COPs 21 to 23 suggests that they continue to shape the concept of CCE by presenting reports and 
hosting events on the topic which reach a wide range of actors during these summits.  
Other groups of actors that have been identified as influential in our analysis are nation states, 
particularly the accounts of the respective COP presidencies and national ministries concerned with 
the topic of CEE, as well as civil society organizations. The influence of different nation states and 
some of their ministers could be attributed to their roles as host countries during these global climate 
summits. Their influence is, however, unlikely to be limited only to the topic of CCE. Among the 
most influential CSOs, organizations that focus on youth empowerment, climate change, and 
education are predominant. 
Our analysis demonstrates that SNA based on Twitter data offers untapped possibilities to 
analyze governance structures that form around policy issues such as ESD and CCE. Information 
provided on Twitter is not detached from political reality. Rather, they add an additional layer to it. 
OSNs such as Twitter offer possibilities to state actors and IOs to communicate with other political 
actors, but also to interact with citizens directly and publicly. Twitter constitutes a particularly 
political platform in this regard. Other big OSNs such as Facebook, Instagram, and Snapchat are not 
as politicized in the sense that the main function of these platforms is to exchange personal 
information, whereas Twitter provides the greatest opportunity to participate in public debates. This 
makes Twitter especially interesting for political science researchers.  
Although Twitter data offer interesting possibilities, its usefulness might be restricted to certain 
actors at certain times. Defining policy issues and framing them is the part of the governance process 
where Twitter can be extremely helpful for political actors. However, when it comes to the 
implementation of policies and regulations, Twitter might not be the most relevant platform for 
actors to exchange information on these processes. As we showed in this illustrative case, IOs, the 
organizations defining the concepts, constituted the most central group of actors in the networks. 
Local actors, who are extremely important for the implementation, however, did not appear as 
central. Hence, researchers interested in the implementation processes of the concepts should rather 
conduct surveys or interviews with local actors to examine local governance structures [2]. These 
surveys and interviews could also be used in combination with SNA techniques.  
To conclude, in this study, we used one specific centrality measure to analyze the network 
governance structure of ESD and more specifically CCE. The measure of PageRank is only one 
possibility to conduct SNA. Other centrality measures might provide additional insights on the 
governance structure. For example, applying the measure of betweenness centrality would allow to 
identify actors that are potential brokers within the CEE-specific networks. SNA also offers 
approaches beyond descriptive centrality measures. Future research might, for example, use DNA to 
examine the use of different framings by groups of actors, thereby identifying coalitions that form 
around specific framings of ESD and CCE. Moreover, inferential SNA techniques could be used to 
identify the attributes (e.g., actor type and country) and network structures that make ties between 
actors more likely. The appropriate measure and SNA approach is thus dependent on the primary 
research interest. Our results can be considered as a basis for future SNA which create a more 
thorough understanding of the governance structures around ESD and CCE. 
Author Contributions: This study is part of a research project that was acquired and is supervised by N.K. and 
H.J. Both contributed in the conceptualization process, the preparation of the original draft as well as in the 
Sustainability 2019, 11, 5499 15 of 17 
review and editing process. A.G. managed the data, conducted the analysis and visualized the networks. She 
was also part of the conceptualization process, the original drafting as well as the review and editing process. 
Funding: Our research project is part of the research unit “International Public Administration,” funded by the 
German Research Foundation through the grants KO 4997/1-1, KO 4997/4-1.  
Acknowledgments: We would like to thank Lea Susanne Helm for her research assistance on this study and 
Freie Universität Berlin for funding the publication of this article. 
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the 
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to 
publish the results. 
References  
1. World Commission on Environment and Development. Our Common Future; Oxford University Press: 
Oxford, UK, 1987. 
2. Kolleck, N.; Jörgens, H.; Well, M. Levels of Governance in Policy Innovation Cycles in Community 
Education: The Cases of Education for Sustainable Development and Climate Change Education. 
Sustainability 2017, 9, 1966. 
3. Michelsen, G.; Fischer, D. Sustainability and Education. In Sustainable Development Policy; Hauff, M.; von, 
Kuhnke, C., Eds.; Routledge: London, UK, 2017. 
4. Kolleck, N. Uncovering Influence through Social Network Analysis: The Role of Schools in Education for 
Sustainable Development. J. Edu. Policy 2016, 31, 308–329. 
5. UNESCO. Not Just Hot Air. Putting Climate Change Education into Practice; UNESCO: Paris, France, 2015. 
6. Lecy, J.; Mergel, I.A.; Schmitz, H.P. Networks in Public Administration: Current Scholarship in Review. 
Public Manag. Rev. 2014, 16, 643–665. 
7. Rode, H.; Michelsen, G. Der Beitrag der UN-Dekade 2005–2014 zu Verbreitung und Verankerung der Bildung für 
Nachhaltige Entwicklung; Deutsche UNESCO-Kommission eV (DUK): Bonn, Germany, 2012. 
8. United Nations Conference on Environment and Development. Agenda 21, Rio Declaration, Forest 
Principles; United Nations: New York, NY, USA, 1992. Available online: 
https://sustainabledevelopment.un.org/outcomedocuments/agenda21 (accessed on 3 October 2019). 
9. Springett, D. Education for Sustainable Development: Challenges of a Critical Pedagogy. In Routledge 
International Handbook of Sustainable Development; Redclift, M., Springett, D., Eds.; Routledge: London, UK, 
2015; pp 105–119. 
10. United Nations. General Assembly Resolution 57/254: United Nations Decade of Education for Sustainable 
Development, 2002. Available online: https://undocs.org/en/A/RES/57/254 (accessed on 3 October 2019). 
11. Lafferty, W.M.; Meadowcroft, J. Implementing Sustainable Development: Strategies and Initiatives in High 
Consumption Societies; Oxford University Press: Oxford, UK, 2000. 
12. UNESCO. Global Action Programme on Education for Sustainable Development. Available online: 
https://en.unesco.org/gap (accessed on 16 September 2019). 
13. Lafferty, W.M. Introduction: Form and Function in Governance of Sustainable Development. In Governance 
for Sustainable Development: The Challenge of Adapting Form to Function; Lafferty, W.M., Ed.; Edward Elgar 
Publishing: Cheltenham, UK, 2004. 
14. Huckle, J.; Sterling, S.R.; Sterling, S. Education for Sustainability; Earthscan: London, UK, 1996. 
15. Bonnett, M. Education for Sustainable Development: A Coherent Philosophy for Environmental 
Education? Cam. J. Edu. 1999, 29, 313–324. 
16. De Haan, G. Gestaltungskompetenz als Kompetenzkonzept der Bildung für nachhaltige Entwicklung 
[Design Competence as a Competence Concept of Education for Sustainable Development]. In Kompetenzen 
der Bildung für nachhaltige Entwicklung: Operationalisierung, Messung, Rahmenbedingungen, Befunde 
[Competences of Education for Sustainable Development: Operationalization, Measurement, Framework Conditions, 
Findings]; Bormann, I., de Haan, G., Eds.; VS Verlag für Sozialwissenschaften: Wiesbaden, Germany, 2008; 
pp 23–43. 
17. Stevenson, R.B. Tensions and Transitions in Policy Discourse: Recontextualizing a Decontextualized 
EE/ESD Debate. Environ. Edu. Res. 2006, 12, 277–290. 
18. Vare, P.; Scott, W. Learning for a Change: Exploring the Relationship between Education and Sustainable 
Development. J. Edu. Sustain. Dev. 2007, 1, 191–198. 
Sustainability 2019, 11, 5499 16 of 17 
19. Wals, A.E.J.; Kieft, G. Education for Sustainable Development: Research Overview; Swedish International 
Development Cooperation Agency: Stockholm, Sweden, 2010. 
20. Tilbury, D. Environmental Education for Sustainability: Defining the New Focus of Environmental 
Education in the 1990s. Environmental Education Research 1995, 1, 195–212. 
21. Selby, D.; Kagawa, F. Archipelagos of learning: Environmental education on islands. Environ. Conserv. 2018, 
45, 137–146. 
22. Selby, D.; Kagawa, F. Teetering on the Brink. J. Transform. Educ. 2018, 16, 302–322. 
23. González-Gaudiano, E. Education for Sustainable Development: configuration and meaning. Policy Futur. 
Educ. 2005, 3, 243–250. 
24. Schneider, V. Netzwerke und Relationalismus: Netzwerkanalyse aus metatheoretischer Perspektive. In 
Knoten und Kanten III: Soziale Netzwerkanalyse in Geschichts- und Politikforschung; Gamper, M., Reschke, L., 
Düring, M., Eds.; Transcript-Verlag: Bielefeld, Germany, 2015. 
25. Borgatti, S.P.; Mehra, A.; Brass, D.J.; Labianca, G. Network Analysis in the Social Sciences. Sci. 2009, 323, 
892–895. 
26. Freeman, L.C. A Set of Measures of Centrality Based on Betweenness. Sociom. 1977, 40, 35. 
27. Leontief, W. The Structure of American Economy, 1919–1929. An Empirical Application of Equilibrium Analysis; 
Harvard University Press: Cambridge, MA, USA, 1941. 
28. Seeley, J.R. The net of reciprocal influence; a problem in treating sociometric data. Can. J. Psychol. Can. de 
Psychol. 1949, 3, 234–240. 
29. Hoff, P.D.; Ward, M.D. Modeling Dependencies in International Relations Networks. Politi- Anal. 2004, 12, 
160–175. 
30. Cranmer, S.J.; Leifeld, P.; McClurg, S.D.; Rolfe, M. Navigating the Range of Statistical Tools for Inferential 
Network Analysis. Amer. J. Polit. Sci. 2017, 61, 237–251. 
31. Borgatti, S.P.; Everett, M.G.; Johnson, J.C. Analyzing Social Networks, 2nd ed.; Sage: Los Angeles, CA, USA, 
2018. 
32. Snijders, T.A.; Van De Bunt, G.G.; Steglich, C.E. Introduction to stochastic actor-based models for network 
dynamics. Soc. Networks 2010, 32, 44–60. 
33. Cranmer, S.J.; Desmarais, B.A. Inferential Network Analysis with Exponential Random Graph Models. 
Politi- Anal. 2011, 19, 66–86. 
34. Hanneke, S.; Fu, W.; Xing, E.P. Discrete temporal models of social networks. Electron. J. Stat. 2010, 4, 585–
605. 
35. Leifeld, P.; Cranmer, S.J. A theoretical and empirical comparison of the temporal exponential random graph 
model and the stochastic actor-oriented model. Netw. Sci. 2019, 7, 20–51. 
36. Leifeld, P. Discourse Network Analysis: Policy Debates as Dynamic Networks. In The Oxford Handbook of 
Political Networks; Victor, J.N., Montgomery, A.H., Lubell, M., Eds.; Oxford University Press, Oxford, UK, 
2017. 
37. eMarketer. eMarketer Updates Worldwide Social Network User Figures. 17 July 2017. Available online: 
https://www.emarketer.com/Article/eMarketer-Updates-Worldwide-Social-Network-User-
Figures/1016178 (accessed on 25 July 2019). 
38. Twitter. The 2014 #YearOnTwitter. Available online: https://blog.twitter.com/official/en_us/a/2014/the-
2014-yearontwitter.html (accessed on 25 July 2019). 
39. Twitter. Q1 2019 Earning Reports. Available online: 
https://s22.q4cdn.com/826641620/files/doc_financials/2019/q1/Q1-2019-Slide-Presentation.pdf (accessed on 
25 July 2019). 
40. Ahmed, W. Using Twitter as a Data Source: An Overview of Social Media Research Tools (2019). Available 
online:https://blogs.lse.ac.uk/impactofsocialsciences/2019/06/18/using-twitter-as-a-data-source-an-
overview-of-social-media-research-tools-2019/ (accessed on 25 July 2019). 
41. Costenbader, E.; Valente, T.W. The stability of centrality measures when networks are sampled. Soc. 
Networks 2003, 25, 283–307. 
42. Kossinets, G. Effects of missing data in social networks. Soc. Networks 2006, 28, 247–268. 
43. Koskinen, J.; Snijders, T.A.B.; Lusher, D.; Robins, G. Simulation, Estimation and Goodness of Fit; Cambridge 
University Press, Cambridge, UK 2013. 
44. Koskinen, J.H.; Robins, G.L.; Pattison, P.E. Analysing exponential random graph (p-star) models with 
missing data using Bayesian data augmentation. Stat. Methodol. 2010, 7, 366–384. 
Sustainability 2019, 11, 5499 17 of 17 
45. Conover, M.; Ratkiewicz, J.; Francisco, M.; Gonçalves, B.; Flammini, A.; Menczer, F. Political Polarization 
on Twitter. In Proceedings of the Fifth International AAAI Conference on Weblogs and Social Media, 
Barcelona, Spain, 2011. 
46. Dubois, E.; Gaffney, D. The Multiple Facets of Influence: Identifying Political Influentials and Opinion 
Leaders on Twitter. Amer. Behav. Sci. 2014, 58, 1260–1277. 
47. Williams, H.T.; McMurray, J.R.; Kurz, T.; Lambert, F.H. Network analysis reveals open forums and echo 
chambers in social media discussions of climate change. Glob. Environ. Chang. 2015, 32, 126–138. 
48. Burson Cohn & Wolfe. Twiplomacy Study 2018. Available online: 
https://twiplomacy.com/blog/twiplomacy-study-2018/ (accessed on 18 July 2019). 
49. Steinert-Threlkeld, Z.C. Twitter as Data; Cambridge University Press: Cambridge, UK, 2018; ISBN 
9781108438339. 
50. Morstatter, F.; Liu, H. Discovering, Assessing, and Mitigating Data Bias in Social Media. Online Soc. Net. 
Media 2017, 1, 1–13, doi:10.1016/j.osnem.2017.01.001. 
51. Morstatter, F.; Pfeffer, J.; Liu, H.; Carley, K.M. Is the Sample Good Enough? Comparing Data from Twitter’s 
Streaming API with Twitter’s Firehose. In Proceedings of Seventh international AAAI conference on 
weblogs and social media 2013, Cambridge, MA, USA, 28 June 2013. 
52. Alaimo, K. Twitter’s Misguided Barriers for Researchers. Bloomberg, 16 Oct 2018. Available online: 
https://www.bloomberg.com/opinion/articles/2018-10-16/twitter-s-barriers-for-academic-researchers-are-
misguided (accessed on 18 July 2019). 
53. Twitter. UNESCO Account. Available online: https://twitter.com/UNESCO (accessed on 25 July 2019). 
54. Kolleck, N.; Well, M.; Sperzel, S.; Jörgens, H. The Power of Social Networks: How the UNFCCC Secretariat 
Creates Momentum for Climate Education. Global Environ. Poli. 2017, 94, 106–126. 
55. Goritz, A.; Kolleck, N.; Jörgens, H. Analyzing Twitter Data: Advantages and Challenges in the Study of 
UN Climate Negotiations. SAGE Res. Meth. Case. 2019, doi:10.4135/9781526472441. 
56. Schuster, J.; Jörgens, H.; Kolleck, N. Using Social Network Analysis to Study Twitter Data in the Field of 
International Agreements. SAGE Res. Meth. Case. 2019, doi:10.4135/9781526487421. 
57. Twitter. Twitter account of UNESCO EU. Available online: 
https://twitter.com/UNESCOEU/status/1069591595895480321 (accessed on 18 July 2018). 
58. United Nations. United Nations Framework Convention on Climate Change, FCCC/INFORMAL/84, 1992. 
59. UNFCCC. Paris Agreement; UNFCCC: Paris, 2015. Available online: 
https://unfccc.int/sites/default/files/english_paris_agreement.pdf (accessed on 25 July 2019). 
60. Sifter. Available online: https://sifter.texifter.com/ (accessed on 12 August 2019). 
61. Page, L.; Brin, S.; Motwani, R.; Winograd, T. The PageRank Citation Ranking: Bringing Order to the Web. 
1999. Available online: http://ilpubs.stanford.edu:8090/422/ (accessed on 3 October 2019). 
62. Perez, B.; Musolesi, M.; Stringhini, G. You Are Your Metadata: Identification and Obfuscation of Social 
Media Users Using Metadata Information. In Proceedings of the 12th International AAAI Conference on 
Web and Social Media (ICWSM 2018) 2018, Stanford, CA, USA, June 2018. 
 
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 
 
